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1 FracFocuswelldatawasobtainedviaPacWestConsultingPartners’FracDBdatabaseandallwaterstressdataandmapswerefromWorldResource




























Nearly half of the wells
hydraulically fractured
since 2011 were in regions
with high or extremely high
water stress, and over 
55 percent were in areas
experiencing drought. 


















A database of hydraulically fractured wells is overlaid on a map of baseline water
stress in the United States and two Canadian provinces for which we have data. 
This map measures the ratio of water withdrawal to mean annual available supply,
and shows where there is high competition for limited water resources among users. 
Red areas on the baseline water stress map are places where a large portion of
available water supply is already being used. The gray areas are dry and undeveloped.
Black dots on the map represent wells hydraulically fractured. 
For interactive map, see ceres.org/shalemap. 
Source: WRI Aqueduct Water Risk Atlas in 
combination with well data from PacWest FracDB from
FracFocus.org and FracFocus.ca between January 2011-May 2013
for the U.S., December 2011-July 2013 for British Columbia and
December 2012 - July 2013 for Alberta.
Number of Shale Oil & Gas Wells




















FIGURE ES2: GROUNDWATER DEPLETION & SHALE ENERGY DEVELOPMENT
Groundwater Depletion
in Cubic KilometersA U.S. Geological Survey map of cumulative groundwater 
depletion, from 1900 - 2008, in 40 major aquifer systems overlaid 
by 39,294 hydraulically fractured oil and gas wells (black dots). 
For interactive map, see ceres.org/shalemap. 
Source: Well data from PacWest FracDB from FracFocus.org between January 
2011-May 2013 and U.S. Geological Survey Scientific Investigations Report 2013-5079.
Over 36 percent of
hydraulically fractured



















High Water Use 
& Stress County 
Top Two Oil & Gas Companies 
By Water Use
Annual Water Use for Hydraulic
Fracturing in Billion Gallons*
GarOeld (CO) Encana, WPX 1.9
Karnes (TX) EOG, Plains 1.7
Weld (CO) Anadarko, Noble 1.3
Gonzales (TX) EOG, Penn Virginia 0.9
Glassock (TX) Apache, Laredo 0.9
Irion (TX) EOG, Apache 0.8
Reagan (TX) Pioneer, Laredo Petroleum 0.8
DeWitt (TX) BHP Billiton, ConocoPhillips 0.6









FIGURE ES3: COUNTIES WITH HIGHEST WATER STRESS & 
HIGH WATER USE FOR HYDRAULIC FRACTURING
* Hydraulic fracturing annual water use for 2012. 
Water may have been sourced from outside county and from non-freshwater sources.
The table explores water use in context for counties in extreme water stress regions with high water
use for hydraulic fracturing. Water use for hydraulic fracturing can be relatively high at the local




  Low - Medium Stress
  Medium - High Stress
  High Stress
  Extremely High Stress
  Arid & Low Water Use
• Well Location
Over 30 different counties
used at least one billion
gallons of water (roughly
equivalent to daily water
use of eight million people






5TomFowler,“SecondLifeforanOldOilField,”The Wall Street Journal,November19,2013.
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  Low - Medium Stress
  Medium - High Stress
  High Stress
  Extremely High Stress
  Arid & Low Water Use
• Well Location
6FormapofplayorbasinlocationsseeAppendixA.




















• Apache, Encana and Pioneer: Mostofthewellsdevelopedbyeachofthesecompanies
areinregionsofhighorextremewaterstress.
• Chesapeake Energy: Thiscompanywasbythefarthebiggestuserofwater,withmostof
itswellslocatedinregionsofmediumwaterstress,includingtheEagleFord,Barnettand
Marcellusregion.
• All of the top 10 operators bywateruse,exceptSouthwestern,hadthemajorityoftheir
wellsinmediumorhigherwaterstressregions.Over250operatorsreportedwaterusedata
toFracFocus,withthetop10accountingforabouthalfofthetotalwaterusednationally.
• The top 3 service providers: Halliburton,SchlumbergerandBakerHughes—accounted
forabouthalfofthewaterusedforhydraulicfracturingnationally(Figure ES5).
  Low Stress
  Low - Medium Stress
  Medium - High Stress
  High Stress
  Extremely High Stress
  Arid & Low Water Use
• Well Location









FIGURE ES4: TOP TEN OPERATORS BY NUMBER OF WELLS & EXPOSURE TO WATER STRESS
Percent of Wells in Medium or Higher Water Stress Regions
Area of circles represents total water use by operator









Percent of Wells in Medium or Higher Water Stress Regions
Area of circles represents total water use by service provider
Figure ES4: Top 10 operators 
by number of wells and exposure
to water stress. Sources and type
of water not reported. 
Figure ES4: Top 10 service
providers by number of wells 
and water stress exposure. Sources
and type of water not reported.
Approximately 15 percent of 
the wells did not have sufficient
information to identify the service
provider since service providers are













































All shale operators and
service providers should be








freshwater resources for 
the future.




































Conventional Oil or Gas Deposits: Reservoirs of natural gas or oil,
which have migrated to areas where the fluids/gases are pooled and
sealed in place and from which they can readily flow into wellbores. 
Unconventional Oil or Gas Deposits: Natural gas or oil which is still
associated with the “parent-rock” from which it was formed, often of
low permeability and unable to flow to the wellbore on its own. Tight
and shale deposits are examples of unconventional oil or gas deposits.
Coalbed methane production, also known as coal seam gas, can also
be included as an unconventional energy resource.
Tight Oil or Gas Deposits: Areas where natural gas or oil gathers in
pore spaces of rocks (mostly sandstone) and where gas or oil cannot
flow freely to the wellbore. 
Shale Gas or Oil Deposits: Locations where natural gas or oil is attracted
to and trapped onto the surfaces of rock particles. More technically
challenging procedures, with higher volumes of fluids are required 
to start the oil or gas flow to the wellbore than production for tight
deposits.3 Some view shale deposits as a subset of tight oil deposits.
Play: A set of known or prospective oil and or gas accumulations
sharing similar geologic and geographic properties such as source
rock, migration pathways, trapping mechanisms, and hydrocarbon
type.4 Often “play” refers to regions that are commercially viable,
whereas basins refer more closely to geologic characteristics.
Basin: A geological area defined by similar sedimentary characteristics.
A basin can include multiple plays.
Water Definitions
Water Withdrawals: Volume of freshwater that is taken from surface 
or groundwater resources. 
Water Consumption: Volume of freshwater that is taken from surface
or groundwater resources and is not returned. There are concerns that
hydraulic fracturing consumes a large amount of water. The water
used in operations and pumped underground may remain in the well 
or be disposed elsewhere deep underground, making it unavailable for
reuse. Water consumption metrics in most regions are poorly measured
due to the lack of consistent water sourcing disclosure and measurement
statistics of water returning to the surface. 
Water Stress: Measures total annual water withdrawals (municipal,
industrial and agricultural) expressed as a percentage of water available.5
This metric denotes the level of competition for water in a given region and
is the focus of this study. The highest demand for water in most regions
comes from agricultural or municipal uses followed by industrial uses.
Water stress tends to be higher in regions of high population density or
intense agricultural development. Water stress can be low even in arid
regions such as North Dakota, where low population density and non
water-intensive agricultural practices do not result in high water demand. 
Water Scarcity: Is the volumetric abundance, or lack thereof, 
of freshwater supply and increasingly accounts for water flow required
to maintain the ecological health of rivers and streams. 
Water Risk: Refers to the ways in which water-related issues
potentially undermine business viability. 
Brackish Water: Water that is generally saltier than freshwater, 
but not as salty as seawater.6
Oil and Gas Water Definitions
Flowback Water: Water returning to the surface directly after hydraulic
fracturing. This water is often mixed with water found in the geological
formation. The amount and quality (often poor) of flowback water
returning to the surface varies depending on local geologic conditions
and hydraulic fracturing fluids utilized.
Produced Water: Water that returns to the surface along with the oil 
or gas that is being pumped from the well. 
Recycled Water: Water utilized a second time in hydraulic fracturing
operations after undergoing treatment for contaminants. 
Reused Water: Water utilized a second time in hydraulic fracturing
operations with minimal treatment requirements.
Maintenance Water: Water required to continue production over the life
of a well. Some wells may require “flushing” with freshwater to prevent
salt accumulation in pipelines.
Water Used for Enhanced Oil Recovery (EOR): When water is pumped
underground to increase pressure in a well to boost lagging oil production
(generally after a reservoir has been depleted). EOR can require far larger
volumes of water than the average well requirements for hydraulic
fracturing operations. 
Drilling Water: Water that is used, often in conjunction with other
chemicals, to cool and lubricate the drill bit and carry out drill cuttings
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FIGURE 1: HYDRAULIC FRACTURING WATER USE CYCLE
Source:EPAhttp://www2.epa.gov/hfstudy/hydraulic-fracturing-water-cycle.
Simple schematic of five stages of the hydraulic fracturing water lifecycle. 
This study focuses on stage number one. 
Water is a Challenge 
in Most Regions
From: “Alberta Desperately 
Needs a Water-Management 
Plan, Alberta Oil,” July 2013
“Water is the biggest challenge we
have right now in any shale play,”
Mike Wood, Vice President, Talisman




FIGURE 2: WATER SOURCES FOR HYDRAULIC FRACTURING OPERATIONS
Source: U.S. EPA Study of the Potential Impacts of Hydraulic Fracturing, Progress Report, December 2012.
11CathyProctor,“FrackingBanApprovedinBroomfieldAfterVoteFlip,ButRecountisPlanned,”Denver Business Journal,November15,2013.
12TheCanadianPress,“NewfoundlandShutsDooronFrackingApplicationsPriortoReview,”The Globe and Mail,November4,2013.
13DavidJolly,“FranceUpholdsBanonHydraulicFracturing,”The New York Times,October11,2013.
14MikeLee,“ParchedTexansImposeWater-UseLimitsforFrackingGasWells,”Bloomberg Businessweek,October6,2011,
http://www.businessweek.com/news/2011-10-06/parched-texans-impose-water-use-limits-for-fracking-gas-wells.html.















with Urban Centers 
From: “Parched Texans Impose Water-
Use Limits for Fracking Gas Wells,”
Bloomberg News, October 2011
Increasing drought concerns, growing
competition between agriculture,
municipal and industrial users have
prompted some cities and districts to
place restrictions on the use of water
for hydraulic fracturing. The city of
Grand Prairie, Texas in the Barnett
Shale, in August [2011] became one
of the first to ban the use of city
water for hydraulic fracturing.14
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National Water 




















drought often have higher
groundwater pumping and
depletion rates, which can
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United States
WATER USE TRENDS 
Number of Wells
Used to Calculate Water Volume Data: 39,294
Total Water Use (gallons): 97.5 billion
Average Water Use (gallons/well): 2.5 million
EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 48%
Proportion of Wells in Medium or Higher Water Stress: 73%
Proportion of Wells in Drought Regions (as of Jan. 7, 2014): 56%
LOCAL WATER USE IMPACTS
Water Use in Top 10 Counties
as Proportion of Water Use Nationally
Number of Counties with Hydraulic Fracturing Activity: 402
Highest Water Use by a County (gallons): 
Dimmit County, Texas 4 billion
U.S. Data Summary (January 1, 2011 - May 31, 2013) as reported by FracFocus
28%
47%   Gas
Oil 53%
OPERATING TRENDS
Water Use Trends 
for Hydraulic Fracturing
Number of Operators Reporting
to FracFocus (1st Quarter 2013)
253
OPERATORS





Top Three in U.S. by Water Use: 
• Halliburton
• Schlumberger
• Baker Hughes  
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Average Water Use Per Well: 












19WoodMacKenzie“TroubledWatersAhead?Risingwaterrisksontheglobalenergyindustry,”Global Horizons Service Insight,October2013.
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Water Sourcing Risks: 


































FIGURE 4: AVERAGE WATER USE BY MAJOR PLAY 
Date = x
Average water use for major plays/basins from the first quarter of 2011 to end of the first quarter of
2013. Average water use can increase due to technical or geologic factors, movement from vertical
to horizontal drilling or increasing length of pipes used in horizontal drilling. 
Source:CeresanalysisusingPacWestFracDBfromFracFocus.org.
Hydraulic fracturing is 
largely taking place in
regions already experiencing
high competition for water. 
At the global level, a similar
pattern is underway.
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A database of hydraulically fractured wells is overlaid on a map of baseline water
stress in the United States and two Canadian provinces for which we have data. 
This map measures the ratio of water withdrawal to mean annual available supply,
and shows where there is high competition for limited water resources among users. 
Red areas on the baseline water stress map are places where a large portion of
available water supply is already being used. The gray areas are dry and undeveloped.
Black dots on the map represent wells hydraulically fractured. 
For interactive map, see ceres.org/shalemap. 
Source: WRI Aqueduct Water Risk Atlas in 
combination with well data from PacWest FracDB from
FracFocus.org and FracFocus.ca between January 2011-May 2013
for the U.S., December 2011-July 2013 for British Columbia and
December 2012 - July 2013 for Alberta.
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FIGURE 7: TOP 15 PLAYS BY WATER USE 
Total Water Use (Billions of Gallons)
FIGURE 8: NUMBER OF WELLS DRILLED BY WATER STRESS CATEGORY & PLAY
Number of Wells
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Only plays/basins with
500+ wells represented.
The Eagle Ford play in south
Texas had the highest total
water use, over 19 billion
gallons in the report’s study
period, followed by the
Marcellus, Permian, Barnett
and Haynesville plays.
FIGURE 6: STATES WITH MOST REPORTED HYDRAULIC FRACTURING ACTIVITY BY WATER STRESS CATEGORY
Number of Wells
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use


















In Colorado, 97 percent 
of wells are in regions 
with high or extremely 
high water stress. Texas
leads in number of wells
hydraulically fractured.
In Wyoming, New Mexico
and California the majority
of wells have been
developed in regions of
high or extreme water stress













FIGURE 9: U.S. DROUGHT MONITOR MAP & SHALE ENERGY DEVELOPMENT
A database of hydraulically fractured wells 
is overlaid on the U.S. Drought Monitor map of the week 
of January 7, 2014. Over 55% of the 39,294 wells overlaid 
on the map are in regions experiencing drought conditions. 
The U.S. Drought Monitor has been publishing weekly drought maps 
since 1999 and details about the map can be found at:
http://drought.unl.edu/MonitoringTools/USDroughtMonitor.aspx 
For interactive map, see ceres.org/shalemap. 
Source: Well data from PacWest FracDB / FracFocus.org. 












22JPNicotandBridgetScanlon,“WaterUseforShale-GasProductioninTexas,”U.S. Environmental Science and Technology,March2012.
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Water Sourcing Risks: 

















From: “Water Bonds Shrivel as
California Sees Driest Year,”
Bloomberg, January 2014
About two-thirds of Californians 
get at least part of their water from
northern mountain rains and snow
through a network of reservoirs and
aqueducts known as the State Water
Project, according to a December 16
report by the Water Resources
Department. The water content of
the snowpack is about 20 percent of
normal for this time of year, the Water
Department said December 30 in 
a statement. The system supplies
households and businesses from the
San Francisco Bay area to Southern
California and irrigates crops in the
San Joaquin Valley near the center
of the state—the world’s most
productive agricultural region.
With reservoirs at 66 percent 
of average, and a third dry year
predicted, revenue is likely to fall
short for the Water Resources
Department and the local agencies
that depend on it, Moody’s Investors
Service said in a December 5th note.
That may harm the credit of such
authorities as the Metropolitan
Water District of Southern California,
currently rated Aa1, second-highest,
the company said. Lower credit
ratings mean higher borrowing
costs.20
FIGURE 10: SURFACE & GROUND WATER RESOURCES
© Carsten Egestal Thuesen, GEUS
Interconnected nature of surface and groundwater resources. This diagram shows groundwater
supplying surface water resources. In some regions flows are reversed with surface water leaching
into groundwater. Travel times of groundwater from recharge areas to various aquifers can take
anywhere from days, years, centuries to millennia. 
Source:USGS,GroundWaterandSurfaceWater:ASingleResource,Circular1139.
26EdwardVaughanetal,“WaterforTexas2012StateWaterPlan,“TexasWaterDevelopmentBoard,January2012.





















FIGURE 11: WATER RESOURCE STRESS & POPULATION GROWTH, 2000-2020
Water Supplies are Vulnerable 
Population Growth is 20% to 50% in Most Water-Stressed Areas
More WaterLess Water
Source:DOE/NETL(M.Chan,July2002
U.S. Population will increase significantly
(double over next 100 years)
Many areas of high water stress are also expected to see high population growth through 2020.
Texas, Colorado, Wyoming, New Mexico, Oklahoma and California face expected population growth,





reliance on groundwater 
in many regions may not 
be sustainable and that
groundwater withdrawals 
by all users must be
carefully balanced with
declining groundwater
levels and impacts on
surface water flows. 
29IntegratedPipelineProgramManagementOffice,TarrantRegionalWaterDistrict,http://www.iplproject.com/about-the-ipl/.
30Onebilliongallonsistheequivalentofroughly1,500Olympic-sizedswimmingpools.
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Local-Level Water Use Impacts: 



















FIGURE 12: GROUNDWATER DEPLETION & SHALE ENERGY DEVELOPMENT
Groundwater Depletion
in Cubic KilometersA U.S. Geological Survey map of cumulative groundwater 
depletion, from 1900 - 2008, in 40 major aquifer systems overlaid 
by 39,294 hydraulically fractured oil and gas wells (black dots). 
For interactive map, see ceres.org/shalemap. 
Source: Well data from PacWest FracDB from FracFocus.org between January 
2011-May 2013 and U.S. Geological Survey Scientific Investigations Report 2013-5079.
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FIGURE 13: HIGHEST WATER USE COUNTIES BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Counties with 1 billion gallons
or more water use only. Water
used in the county may be
sourced from outside the






IN THE DJ BASIN 
OF COLORADO
The density of hydraulic
fracturing is evident by
zooming into the region.




















& Stress County 
Population Annual Water Use for
Hydraulic Fracturing 
in Billion Gallons*










GarOeld (CO) 49,810 1.9 5.3 36% Encana, WPX
Karnes (TX) 15,351 1.7 .8 213% EOG, Plains
Weld (CO) 228,943 1.3 8.9 15% Anadarko, Noble
Gonzales (TX) 19,587 0.9 1.8 50% EOG, Penn Virginia
Glassock (TX) 1,327 0.9 0 NA          Apache, Laredo
Irion (TX) 1,756 0.8 .03 2667% EOG, Apache
Reagan (TX) 2,995 0.8 .4 200% Pioneer, Laredo Petroleum
DeWitt (TX) 20,507 0.6 .8 75% BHP Billiton,ConocoPhillips
* Hydraulic fracturing annual water use for 2012. Water may have been sourced from outside county and from non-freshwater sources.
**All withdrawals for domestic supply (both fresh and saline) in county. From USGS 2005 national water survey. 









TABLE 1: COUNTIES WITH HIGHEST ANNUAL WATER USE IN EXTREME WATER STRESS REGIONS
FIGURE 15: PERCENTAGE OF WELLS IN TOP THREE MOST ACTIVE COUNTIES PER PLAY




Table 1: Water use for hydraulic
fracturing can be relatively high
at the local level in comparison




Figure 15: Proportion of wells
developed in top three counties
by activity versus all wells
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Company Exposure to
Water Sourcing Risks 
Thischapteranalyzesthewaterriskexposureofshaleenergyoperatorsandserviceproviders




















FIGURE 16: TOP TEN OPERATORS BY NUMBER OF WELLS & EXPOSURE TO WATER STRESS
Percent of Wells in Medium or Higher Water Stress Regions
Figure 16: Areas of circles represent
volumes of water used for hydraulic
fracturing, with Chesapeake using
approximately 12 billion gallons,
Anadarko at 6 million gallons 





























stressbyplay/basin,seeAppendix A and C).
31|









Percent of Wells in Medium or Higher Water Stress Regions
Figure 17: Area of circles represents
total water use by service provider.
Approximately 15 percent of the
wells did not have sufficient
information to identify the service
provider since service providers are
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FIGURE 18: OPERATORS BY WATER USE & EXPOSURE TO WATER STRESS
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use Figure 18: Operators ranked by
water volume used for hydraulic
fracturing and water stress category.
Companies reporting less than 
500 million gallons of water were
excluded. Sources and type of











































Given the factors that shape
shale oil and gas company
exposure to water sourcing
risks, priority should be given
to operators and service
providers with the most
significant exposure in 
regions of highest water 
stress, groundwater depletion
and drought conditions.
Source:NathanRichardson,MadelineGottlieb,AlanKrupnickandHannahWiseman,ResourcesfortheFuture,The State of State
Shale Gas Regulation,June2013.
40KiahCollier,“OilIndustryFocusesonWater-Use,”San Angelo Standard Times,December2,2011,
http://www.gosanangelo.com/news/2011/dec/02/oil-industry-mulls-need-to-get-water-consumption/?print=1.
























States or provinces have 
the primary responsibility 
for permitting oil and gas
development and related water
sourcing, but there is currently
significant disparity in their
approaches to regulating 
shale water requirements 
and associated impacts. 
FIGURE 19: WATER WITHDRAWAL REGULATIONS BY STATE
Permit required over threshold shown 
(1,000 gal/day) (21 states)
Registration & reporting required over
threshold shown (1,000 gal/day) (4 states)
Permit, registration & reporting required over
threshold shown (1,000 gal/day) (5 states)
No evidence of regulation found (1 state)
Not in study
Top 5 states by number of
natural gas wells (2011)

















































The average Marcellus shale
well consumed about 5.3 million
gallons, of which 65 percent
was associated with direct
water consumption at the 
well site and 35 percent with
indirect water consumption
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56SuGao,“Hydraulicfracturing’swaterproblem:whatgoesdownmustcomeup,”Bloomberg New Energy Finance Research Note,July2012.
57Seehttp://www.gasfrac.com.




investments.Thefollowingrecommendationsrelatedtocorporate governance and management
ofwaterrisk,operational practices,stakeholder engagement,anddisclosure capturecrucial
stepscompaniesshouldtaketolowertheirwaterimpactsandexposuretowaterrisk.
Institutionalizing Water Management
Management Recommendation #1: Embed water risk and opportunity analysis across 
































64JPNicotetal,“OilandGasWaterUseinTexas:Updatetothe2011MiningWaterUseReport,”Bureau of Economic Geology,UniversityofTexasat
Austin,preparedfortheTexasOilandGasAssociation,September2012.
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Even 100% Recycling
Will Not Eliminate the
Need for Large Volumes 
of Additional Water
From: “Technical Workshop 
on Water Use,” EPA, 2011
“Chesapeake is reusing nearly 100
percent of all produced water and
drilling wastewater in Pennsylvania.
This reuse can reduce the volume 
of freshwater needed to drill and
hydraulically fracture subsequent
Marcellus Shale wells by 10 percent
to 30 percent.”
— Matthew E. Mantell, Environmental
Engineer, Chesapeake60
Recycling Rates 
in Texas are Low
From: “Water Recycling is Big
Business for Oil, Gas Support
Firms,” Star Telegram, April 2013
When the Barnett shale began
operating a decade ago as one of
the country’s first shale plays, water
reuse was a novelty. Producers
could acquire plenty of water at
relatively low prices, and disposal
wells provided a ready means of
disposing contaminated flowback.
Even today, water reuse and recycling
is the exception rather than the rule
in the Barnett. According to a 2012
study by the Bureau of Economic
Geology at the University of Texas,
only about 5 percent of the total
water used for hydraulic fracturing
was recycled or reused.
“We expected it to become more
prolific earlier, especially in Texas,”
said Brent Halldorson, chief operating
officer of Fountain Quail, a recycler 
of industrial wastewater, who got into
the business nearly a decade ago.61



































































Operational Recommendation #2: Collaborate with industry peers and other sectors 
















a Viable Alternative 
to Freshwater
From: “Town Sells Treated
Wastewater for Hydraulic Fracturing,”
Edson Leader, November 2013
Kevin Henderson, director of
infrastructure and sustainable
development at Dawson Creek, 
British Columbia, finalized such 
an agreement with Shell in order 
to help fund its proposed water
treatment plant. “We needed to build
infrastructure for treatment. Shell
was the preferred proponent at that
time. It was a great proposal and
offered really to pay for just about 
the entire project,” Henderson said.
Shell greatly benefitted from the
project since it eliminated most 






From: “Texas Alliance of
Groundwater Districts,”
Irrigation Leader,” June 2013
Early versions of [groundwater
utilization] bills would have
essentially deregulated groundwater
with a total-dissolved-solids (TDS)
level of 1,000 parts per million 
or more [generally called brackish
water] to promote its treatment 
and use. Texas GCDs (Groundwater
Conservation Districts) had serious
concerns with such a management
strategy for numerous reasons, the
most significant being that brackish
groundwater is often hydrologically
connected to other sources of water.
Production of such water may cause
freshwater levels to drop or actually
affect the quality of freshwater as the
hydraulic pressure regimes change.67
71Referencefootnote70
72 Referencefootnote70
73 ChristopherRobart,“WaterManagementEconomicsintheDevelopmentandProductionofShaleResources,”International Association for Energy
Economics,FirstQuarter2012.





78 AlisonSider,RussellGoldandBenLefebvre,“DrillersBeginReusing‘Frack’Water,”Wall Street Journal,November20,2012.
79 BrianLutz,AuranaLewisandMartinDoyle,“Generation,transport,anddisposalofwastewaterassociatedwithMarcellusShalegasdevelopment,”
Water Resources Research,Vol.49,Issue2,February,2013.
Hydraulic Fracturing & Water Stress: Water Demand by the Numbers—Shareholder, Lender & Operator Guide to Water Sourcing41|
Benefits of Recycling
From: “Fracking Without
Freshwater at a West Texas
Oilfield,” Reuters, November 2013
“In these plays, every dollar counts,”
John Christmann, who runs the
Permian operation for Apache, told
Reuters recently. Excluding outlays
for its homegrown recycling system,
Apache says it costs 29 cents a barrel
to treat flowback water, a fraction 
of the $2.50 per barrel it costs to
dispose of water using a third party.77
Disposal Wells Make 
it Too Easy to Dispose
Water that Otherwise
Could be Recycled
From: “Drillers Begin 
Reusing ‘Frack Water,’” 
Wall Street Journal, November 2012
Clay Terry, strategic business
manager of Halliburton’s Water
Solutions unit, said operators in
areas such as Texas have been slow
to embrace recycling, largely because
using injection wells there is fairly
inexpensive.78
Severalanalyseslayoutthecompellingeconomiccaseforcollaborativeorcentralizedrecycling:
ñ In the Bakken,costreductionperbarrelofoilofupto46percentcouldberealized,
throughadvancedwaterrecyclingplanning,equivalenttoapproximately$350million
annualsavingsfortheregion.71
ñ The Niobrara formation couldrealizeupto24percentcostsavings,resultingin$60million
regionalsavings.SavingsarelowerinthisregioncomparedtotheBakkenduetolower
producedwatervolumesandlowerwastewaterdisposalfees.72




























Proactive water planning 
can potentially save 10 to 
46 percent of well development
costs which can result in 
tens of million of dollars 
in regional savings.
80 ScottDavisandCliffFrohlich,“Did(orWill)FluidInjectionCauseEarthquakes?CriteriaforaRationalAssessment,”Seismological Research Letters,
Vol.64,No.3-4July-December1993.


































Operational Recommendation #4: Develop source water protection plans that address
water risks, support projects that improve watersheds or aquifers and include














From: “Earthquakes: Victims Think
Drilling Triggered Shaking and
That’s OK,” Energy Wire, July 2012
Joe Reneau bought an insurance
policy a few years ago after
earthquakes started rattling
Oklahoma City’s eastern suburbs
and after one shook his house in
February 2010. Shortly before the
November earthquake, he received
a notice saying the policy would 
be canceled Dec. 1, 2011. 
“I won the earthquake lottery,” 
he quipped.
Annual premiums have since risen
from $25 to $600 and that’s for
reduced coverage. His newest policy
has 18 pages of exclusions, and his
deductible has gone up five-fold, 
to 10 percent of the house’s value. 
Meanwhile, some companies have
stopped offering any new quake











96 Curryetal,“LessSandMayNotbeEnough,”Society of Petroleum Engineers Paper,131783,2010.
97 PubliclylistedsandsuppliersforhydraulicfracturingincludeUSSilica(SLCA)andHi-Crush(HCLP).EOG,PioneerandHalliburtonalsoownsand
miningoperationsforhydraulicfracturing.
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Operational Recommendation #6: Engage with companies in the hydraulic fracturing




















From: “Fracking Disposal Wells
Pose Challenges in Texas,” NPR’s
State Impact Texas, March 2013
Disposal well operators are generally
required to leave at least 250 feet 
of impermeable rock or clay between
“usable quality water” and the area
where the wastewater will be injected.
When applying for a permit, they must
also promise to survey (and plug, if
necessary) all wells within a quarter
mile. But some older oil wells may 
not be in state databases, according
to Ronald Green, a scientist with 
the Southwest Research Institute, 
a nonprofit organization based in San
Antonio that has done research on
hydraulic fracturing and groundwater. 
Green also said that “when you inject
fluids, they may not only go a quarter
mile, they may go a fair bit further
than that.”
Railroad Commission records show
at least five violations against
disposal wells last year for the
improper plugging of old wells.90
















Stakeholder Recommendation #1: Engage with communities before operations
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Exempting Aquifers 
from Protection May 
be Short-Sighted
From: “Poisoning the Well: How 
the Feds Let Industry Pollute the
Nation’s Underground Water Supply,”
ProPublica, December 2012
“You are sacrificing these aquifers,”
said Mark Williams, a hydrologist 
at the University of Colorado and 
a member of a National Science
Foundation team studying the effects
of energy development on the
environment. “By definition, you are
putting pollution into them... If you
are looking 50 to 100 years down the
road, this is not a good way to go…
…Still, more than 100 exemptions for
natural aquifers have been granted in
California, some to dispose of drilling
and hydraulic fracturing waste in the
state’s driest parts. Though most date
back to the 1980s, the most recent
exemption was approved in 2009 
in Kern County, an agricultural
heartland that is the epicenter of
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Stakeholder Recommendation #2: Work within and across industries to address 











Stakeholder Recommendation #3: Establish programs to educate and encourage








Stakeholder Recommendation #4: Integrate performance indicators and incentives around













Regulators is a 
Win-Win on All Sides
From: “Proceedings of the Technical
Workshops for the Hydraulic
Fracturing Study,” Water Resources
Management, EPA, May 2011
Prior to beginning production in the
Haynesville shale play, the voluntary
Water Resources Committee of
Northwest Louisiana (WRCNL) group,
comprised of state, federal, water
transfer specialists and operators,
was formed to reduce reliance on the
Wilcox aquifer. Groundwater users,
such as district water systems 
and agriculture, were particularly
concerned about hydraulic fracturing’s
impact on the aquifer. A non-potable
aquifer was subsequently identified
as an alternative supply for hydraulic
fracturing water.102
103 TaelorAllen,“TheSouthTexasDroughtandtheFutureofGroundwaterUseforHydraulicFracturingintheEagleFordShale,”St. Mary’s Law Journal:
2013,Vol.44,Issue2,2013.
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Stakeholder Recommendation #5: Engage with local and regional water regulators 





















Disclosure & Management Recommendation #1: Provide information on total water
volumes used for each play/basin, sources of water, future water requirements and
















Data on and Monitor
Groundwater Resources
with Regulators
From: “The South Texas Drought
and the Future of Groundwater
Use for Hydraulic Fracturing in
the Eagle Ford Shale,” 
St. Mary’s Law Journal, 2013
In places such as west Texas, some
operators have installed water meters
on water sourcing wells to track water
levels in the aquifers they are drawing
from. Others are sharing pumping
data with groundwater conservation
districts in an effort to better monitor
water usage and impacts on water











Disclosure Recommendation #2: Provide information on percentage of revenues,












Disclosure Recommendation #3: Provide data for current and future water volumes for
operations other than hydraulic fracturing, such as sand-mining, drilling, water-flooding,
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Total water use for hydraulic
fracturing in Texas in 2012 
was an estimated 25 billion
gallons—half of the total
hydraulic fracturing-related


















“The primary message of the 2012 State Water Plan is simple: In serious drought
conditions, Texas does not and will not have enough water to meet the needs of its people,
its businesses and its agricultural enterprises.”5
Meetingthestate’sshaleenergywaterneedsiscomplicatedbytheindustry’slackofdisclosure:
“The mining category has been particularly difficult to analyze and project due to the
isolated and dispersed nature of oil and gas facilities, the transient and temporary nature 








10TaelorAllen,“TheSouthTexasDroughtandtheFutureofGroundwaterUseforHydraulicFracturingintheEagleFordShale,”St. Mary’s Law Journal:
2013,Vol.44,Issue2,2013.










Water Sourcing Risks: 









WATER USE TRENDS 
Total Water Use (gallons): 19.2 billion
Average Water Use (gallons/well): 4.5 million
EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 28%
Proportion of Wells in Medium or Higher Water Stress: 98%
Drought Region as of January 7, 2014 (yes or no): Yes
Groundwater Challenges (yes or no): Yes
LOCAL WATER USE IMPACTS
Concentration of Water Use: Top Three Water Use 
Counties as a Proportion of Total Water Use in Play
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FIGURE 20: CHANGE IN WATER LEVEL IN THE CARRIZO















Dimmit, La Salle, Zavala and Frio counties are experiencing rapid
























Aquifer Declines in 
the Eagle Ford Winter
Garden Region
From: “Texas Groundwater 
Districts Face Bevy of Challenges,”
The Texas Tribune, August 2013
“The water table continues to drop,”
said Paul Bertetti of the Southwest
Research Institute in San Antonio,
which studies the effects of
hydraulic fracturing on water
quantity and quality, particularly in
the Eagle Ford Shale. He estimated
that hydraulic fracturing accounts
for one-third of the total water use
in the Wintergarden Conservation
District in South Texas.14
Eagle Ford
FIGURE 22: HIGHEST WATER USE OPERATORS IN THE EAGLE FORD BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Sources:CeresanalysisusingWRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfrom
FracFocus.orgbetweenJanuary2011-May2013.
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FIGURE 21: HIGHEST WATER USE COUNTIES IN THE EAGLE FORD BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
TheEagleFordplayhasseenintenseactivitywithover4,300wellsdrilledduringthereport’s
studyperiod.Anadarko,EOGandChesapeakearethemostactiveoperators,eachhaving





Top 10 counties in the Eagle Ford basin by hydraulic fracturing water use and water stress category. 
Source:CeresanalysisusingWRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.org
betweenJanuary2011-May2013.




From: “Eagle Ford Shale Turns
Water into Gold as Need Outstrips
Supply,” San Antonio Express-
News, December 2013
The Texas Water Development Board’s
monitoring well in La Salle County
last week showed water in the Carrizo-
Wilcox aquifer at 496 feet below 
the surface, a drop of 247 feet from
where it was 10 years ago.
“Water is like a piece of gold here, 
and it will continue to be,” Cotulla City
Administrator Larry Dovalina said at 
a recent Eagle Ford event. “At some
point in time, we will look for water
transfers from another region.”…
…To the east, where average
rainfall increases dramatically, the
Carrizo-Wilcox generally is more
prolific, recharges more easily and
there are more aquifers that
provide drinking water.
But in the Wintergarden district, it’s
the primary and best water source.
It’s not like the limestone Edwards
Aquifer in San Antonio, which rises
nearly as soon as it rains. Water
can move a mile a day through the
Edwards. In the tight sandstone, 
it [Western Carrizo-Wilcox] moves























































Analysis for publicly-listed operators with over 100 wells in region only.
FIGURE 24: HIGHEST WATER USE SERVICE PROVIDERS IN THE EAGLE FORD BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)













 Engagement Recommendations for Lenders & Investors 
Due to wide ranging challenges cited above, investors and lenders should prioritize
companies with exposure in the Eagle Ford for engagement on water sourcing risks.
Considering the large number of operators with significant investments in the region,
collaborative action on water sourcing issues is required. Operational, engagement 
and disclosure recommendations outlined previously in this report provide best practice
models. Anadarko, EOG, and Chesapeake, followed by many other operators that are
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Permian Region
WATER USE TRENDS 
Total Water Use (gallons): 10.4 billion
Average Water Use (gallons/well): 1.1 million
EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 87%
Proportion of Wells in Medium or Higher Water Stress: 88%
Drought Region as of January 7, 2014 (yes or no): Yes
Groundwater Challenges (yes or no): Yes
LOCAL WATER USE IMPACTS
Concentration of Water Use: Top Three Water Use 
Counties as a Proportion of Total Water Use in Play



















Top Three by Water Use 
• Baker Hughes
• Halliburton
• Pioneer (as integrated 








Water Sourcing Risks: 


































FIGURE 25: HIGHEST WATER USE COUNTIES IN THE PERMIAN BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)







Top 10 counties in the Permian Basin by hydraulic fracturing water use and water stress category. 
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FIGURE 26: HIGHEST WATER USE OPERATORS IN THE PERMIAN BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)

















































Financial exposure data unavailable for Chesapeake, Athlon and XTO. Note all operators in the
Permian face high water stress exposure.
Sources:FinancialexposuredatafromBloombergBIasof3Q2013foralloperators.Waterstressexposuredata:Ceresanalysisusing
WRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.org.





















 Engagement Recommendations for Lenders & Investors 
Groundwater concerns, water stress and drought conditions are all extremely high in this
region. Engagement with companies should focus on operational recommendations that
will help minimize freshwater use. Collaborative water networks and longer-term planning
around water infrastructure for oil and gas development should be a top priority. Groundwater
banking and other creative measures such as evaporation covers on water pits (as practiced 
by Pioneer) should be expanded. In addition, it is critical that Board and executive level
commitments be made to water management. Pioneer, EOG, Apache, Devon and Laredo have
been the biggest water users in the Permian and should lead on several fronts, especially
around the build-out of water infrastructure networks. Baker Hughes and Halliburton, 
as the biggest service providers, should also participate in advancing better practices. 
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FIGURE 28: HIGHEST WATER USE SERVICE PROVIDERS IN THE PERMIAN BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)










4AnthonyYork,“Gov.JerryBrownDeclaresDroughtEmergencyinCalifornia,”The Los Angeles Times,January17,2014.






























Top Three by Water Use
• Occidental
• Aera (Shell & Exxon)
• XTO (Exxon)
SERVICE PROVIDERS




WATER USE TRENDS 
Total Water Use (gallons): 113 million
Average Water Use (gallons/well): 134,000
EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 98%
Proportion of Wells in Medium or Higher Water Stress: 100%
Drought Region as of January 7, 2014 (yes or no): Yes
Groundwater Challenges (yes or no): Yes
LOCAL WATER USE IMPACTS
Concentration of Water Use: Top Three Water Use 
Counties as a Proportion of Total Water Use in Play
99%
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Water Sourcing Risks: Groundwater Concerns, 


















































From: “Fracking Industry Eyes an
Already Water-Starved California,”
Mintpress News, September 2013
“Water levels are dropping
dramatically in some areas,” Steven
Arthur, vice president for Arthur 
and Orum Well Drilling, told the
Sacramento Bee. “It’s never been
this bad.”
According to the U.S. Geological
Survey, California’s San Joaquin
Valley, along with the Central Coast
and Southern California areas are
in crisis mode, as more water is
being drawn from groundwater
supplies than the amount of water
entering the system.
The desperation expressed in the
state’s water wars doesn’t bode
well for the oil and gas industry,
eager to put down the welcome mat


















































From: “California’s Central Valley
Groundwater Study,” USGS, 2009
“Competition for water resources 
is growing throughout California,
particularly in the Central Valley.
Since 1980, the Central Valley’s
population has nearly doubled 
to 3.8 million people. It is expected
to increase to 6 million by 2020.
Statewide population growth,
anticipated reductions in Colorado
River water deliveries, drought, 
and the ecological crisis in the
Sacramento-San Joaquin Delta






Banking: Kern County and 
the Rosedale-Rio Bravo Water
Storage District,” Pacific Institute
Due to competition over water and
groundwater depletion concerns 
Kern County has implemented water
banking programs as one important
water supply management tool to
increase water supply reliability.
Groundwater banking allows an entity
to deposit water within an aquifer
that can later be withdrawn by that
entity and can be particularly useful
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Rising as Water Supplies
are Being Curtailed
From: “Integrated Water
Management Plan for Kern
County,” October 2011
Water demands within the Kern
Region are serviced by a variety of
water purveyors, including the large
wholesale agency, The Kern County
Water Agency (KCWA) and its
member districts (both agricultural
and municipal) and industrial,
irrigation districts, investor-owned
water companies, mutual water
companies, municipalities and
private well owners. Water supplies
utilized in the region are the State
Water Project (SWP) via the
California Aqueduct, the Central
Valley Project (CVP) via the Friant-
Kern Canal, and local surface
supplies from the Kern River and
other local streams, as well as the
largest common groundwater basin,
the San Joaquin Valley groundwater
basin, covering the majority of the
managed resources in the Region. 
Increasing development demands
on water availability and quality 
for agricultural and Municipal and
industrial purposes, coupled with
curtailments of imported SWP and
CVP deliveries due to prolonged
drought and regulatory restrictions,
have intensified the competition 
for available water supplies in 
the region.18
FIGURE 30: HIGHEST WATER USE COUNTIES IN CALIFORNIA BY WATER STRESS CATEGORY
Gallons of Water (Millions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Highest hydraulic fracturing water use counties in California by water stress category. Total water use 
is relatively small versus other regions due to less water-intensive techniques such as acid stimulation. 
Source:CeresanalysisusingWRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.org
betweenJanuary2011-May2013.
FIGURE 31: HIGHEST WATER USE OPERATORS IN CALIFORNIA BY WATER STRESS CATEGORY
Gallons of Water (Millions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
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 Engagement Recommendations for Lenders & Investors 
In light of the intense competition for water from the agricultural community in this region,
growing groundwater concerns and intense drought, investors and lenders should focus
their engagement on companies with significant presence or expansion plans in the region.
Baker Hughes, the dominant service provider in the region, as well as Occidental, Shell,
Exxon and Chevron, the largest operators, should be prioritized for engagement on their
stakeholder engagement practices and policies. In addition, given large produced water
volumes and seismicity concerns, recommendations related to collaboratively recycling
produced water and avoiding deep well injection are particularly relevant. Industry should
also be asked to contribute to innovative aquifer protection projects in the region, such 
as local groundwater banking. 
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FIGURE 32: HIGHEST WATER USE SERVICE PROVIDERS IN CALIFORNIA BY WATER STRESS CATEGORY
Gallons of Water (Millions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)


















Water Sourcing Risks: Groundwater Concerns and 








WATER USE TRENDS 
Total Water Use (gallons): 6.2 billion
Average Water Use (gallons/well): 2.2 million
EXPOSURE TO WATER RISKS
Proportion of Wells in Arid Regions: 13%
Proportion of Wells in Medium or Higher Water Stress: 0%
Drought Region as of January 7, 2014 (yes or no): No
Groundwater Challenges (yes or no): Yes
LOCAL WATER USE IMPACTS
Concentration of Water Use: Top Three Water Use 
Counties as a Proportion of Total Water Use in Play



















































FIGURE 33: HIGHEST WATER USE COUNTIES IN THE BAKKEN BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Top 10 counties in the Bakken by hydraulic fracturing water use and water stress category. 
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FIGURE 34: HIGHEST WATER USE OPERATORS IN THE BAKKEN BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
FIGURE 35: HIGHEST WATER USE SERVICE PROVIDERS IN THE BAKKEN BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
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 Engagement Recommendations for Lenders & Investors 
Given how arid the region is and regulatory uncertainty over water sourcing from Lake
Sakakwea, and groundwater depletion in the region, company engagement should be
focused on understanding future water needs and improving operational practices to use
less water. Baker Hughes, the dominant service provider in the region, as well as Continental,
Hess and Statoil, the largest operators, and Halliburton, the largest service provider,
should be prioritized for engagement. Due to potentially high future maintenance water
demands and potential enhanced oil recovery activity, companies should disclose data on
water requirements beyond the volumes needed for hydraulic fracturing. Continental, Hess
and Statoil should also lead on efforts on collaborative water sourcing solutions, including












Water Sourcing Risks: 










WATER USE TRENDS 
Total Water Use (gallons): 13.7 billion
Average Water Use (gallons/well): 4.4 million
EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 2%
Proportion of Wells in Medium or Higher Water Stress: 62%
Drought Region as of January 7, 2014 (yes or no): No
Groundwater Challenges (yes or no): No
LOCAL WATER USE IMPACTS
Concentration of Water Use: Top Three Water Use 
Counties as a Proportion of Total Water Use in Play










































Timing and Location 
of Water Withdrawals
Can Be as Important 
as Amounts Withdrawn
From: “Drought Conditions Strain
Driller’s Water Use in Major Pa.
Watershed,” Energy Wire, July 2012
The Susquehanna River Basin
Commission (SRBC) earlier this
week said it had suspended 64
permits to withdraw water from
streams and other sources in the
27,000-square-mile watershed.
Suspensions kick in when water
levels hit a predetermined low
point, and the requirement to stop
withdrawing is written into permits
for gas companies operating in the
watershed.27
FIGURE 36: THE MAJOR RIVER BASINS OF THE MID-ATLANTIC AND EXTENT OF MARCELLUS SHALE
Source:J.DanielArthuretal,WaterResourcesandUseforHydraulicFracturingintheMarcellusShaleRegion,ALLConsulting,LLC.




























FIGURE 37: HIGHEST WATER USE COUNTIES IN THE MARCELLUS BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Top 10 counties in the Marcellus by hydraulic fracturing water use and water stress category. All
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FIGURE 38: HIGHEST WATER USE OPERATORS IN THE MARCELLUS BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
FIGURE 39: HIGHEST WATER USE SERVICE PROVIDERS IN THE MARCELLUS BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Source:CeresanalysisusingWRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.org
betweenJanuary2011-May2013.
 Engagement Recommendations for Lenders & Investors 
Given its dominant role, Chesapeake should take the lead on addressing water sourcing
issues in the region. Although the company reports it is actively recycling water in the
region, more data is needed on its water use by region, where water is currently being
sourced, future water use targets and sourcing plans.31 Chesapeake, EQT, Range, Cabot
and other companies in the region should also be encouraged to support the build out 
of collaborative water networks and infrastructure, given the lack of disposal wells in 
this region and the need to limit the already high truck traffic. Considering the large
community impacts from rapid large scale development, the stakeholder engagement






33 EveryDropCounts,ValuingtheWaterUsedtoGenerateElectricity,Western Resource Advocates,January2011.
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WATER USE TRENDS 
Total Water Use (gallons): 2.5 billion
Average Water Use (gallons/well): 810,000
EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 100%
Drought Region as of January 7, 2014 (yes or no): Yes
Groundwater Challenges (yes or no): Yes
LOCAL WATER USE IMPACTS
Concentration of Water Use: Top Three Water Use 
Counties as a Proportion of Total Water Use in Play






























38 GaranceBurke,“Frackingfuelswaterfightsinnation’sdryspots,”The Denver Post,June16,2013,
http://www.denverpost.com/business/ci_23472294/fracking-fuels-water-fights-nations-dry-spots.
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Water Sourcing Risks: 






































Limit Farmers’ Ability 
to Grow Crops
From: “Fracking Fuels Water
Fights in Nation’s Dry Spots,”
Associated Press, June 2013
Along Colorado’s Front Range, fourth-
generation farmer Kent Peppler said
he is fallowing some of his cornfields
this year because he can’t afford to
irrigate the land for the full growing
season, in part because deep-
pocketed energy companies have
driven up the price of water.
“There is a new player for water,
which is oil and gas,” said Peppler,
of Mead, Colo. “And certainly they
are in a position to pay a whole lot
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FIGURE 40: HIGHEST WATER USE COUNTIES IN THE DJ BASIN (NIOBRARA) BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Top 10 counties in the DJ Basin (Niobrara) by hydraulic fracturing water use and water stress category.
All counties are in Colorado with the exception of Laramie and Goshen, which are located in Wyoming. 
Source:CeresanalysisusingWRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.org
betweenJanuary2011-May2013.
Operators Get Water from
a Diverse Set of Sources
From: “Managing Water Resources
is Key Issue for Niobrara Drillers,”
The Greeley Tribune, March 2013
Clay Terry, Halliburton’s water liaison
for the U.S. Northern Region, said his
company puts great emphasis on
acquiring water rights at the outset,
too. He said Halliburton looks at a
number of sources: municipalities,
water districts, private sources,
industrial waste water and water co-
produced by oil and gas operations.39
FIGURE 41: HIGHEST WATER USE OPERATORS IN THE DJ BASIN (NIOBRARA) BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
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FIGURE 42: HIGHEST WATER USE SERVICE PROVIDERS IN THE DJ BASIN (NIOBRARA) 
BY WATER STRESS CATEGORY
Gallons of Water (Billions)
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Source:CeresanalysisusingWRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.org
betweenJanuary2011-May2013.
 Engagement Recommendations for Lenders & Investors 
Investors and lenders should focus their engagement on Anadarko, Noble and Encana as
the dominant operators in the region, and Halliburton as the dominant operator. Given that
almost all development in the DJ Basin is taking place in Weld County, operators should
be asked to provide data on local water use, where water is currently being sourced, future
water use targets and sourcing plans. Operators should also be encouraged to lead on 
the creation of collaborative water management plans and networks. Considering the level
of water stress in the region and growing community concerns about hydraulic fractury,
operators should look to implement the operational recommendations previously outlined



















EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 14%
Proportion of Wells in Medium or Higher Water Stress: 20%
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Water Sourcing Risks: 
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FIGURE 44: CONSUMPTIVE ALLOCATIONS IN 2010 BY RIVER BASIN COMPARED TO AVERAGE NATURAL FLOW
Percent of Natural Flow Allocated
Major River Basins
Figure 44: Note that allocations 
do not represent actual water use—
only maximum amount that may 
be diverted under the terms of a
license. Consumptive allocations
provide an accounting within the
license of the portion that can be









FIGURE 45: HIGHEST WATER USE OPERATORS IN ALBERTA BY WATER STRESS CATEGORY
Number of Wells
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)








50 DeneMoore,“Encana’swaterusepermitsforhydraulicfracturingfacechallenge,”The Vancouver Sun,November14,2013.





Water Sourcing Risks: 


















EXPOSURE TO WATER RISKS
Proportion of Wells in High or Extreme Water Stress: 0%
Proportion of Wells in Medium or Higher Water Stress: 0%

































FIGURE 46: HIGHEST WATER USE OPERATORS IN BRITISH COLUMBIA BY WATER STRESS CATEGORY
Number of Wells
Baseline Water Stress:
  Extremely High (>80%)
  High (40-80%)
  Medium to High (20-40%)
  Low to Medium (10-20%)
  Low (<10%)
  Arid & Low Water Use
Operators with 20 or more wells reported shown. 
Source:WRIAqueductWaterRiskAtlasincombinationwithwelldatafromPacWestFracDBfromFracFocus.cabetweenDecember
2011-July2013.
 Engagement Recommendations for Lenders & Investors 
Given water-sourcing concerns in Alberta and more water-rich British Columbia, operators
led by Encana should look to implement operational recommendations that promote
recycling, brackish water use and sourcing from wastewater streams. Collaborative efforts
to increase water recycling and fully develop regional watershed protection plans should
be actively pursued. Greater disclosure on stakeholder engagement, especially around
First Nations’ concerns, should also be a priority.51
British Columbia
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US State/County Mapping FIGURE 47: PACWEST HAS MAPPED ALL U.S. STATES/COUNTIES TO A PLAY & REGION FOR THE PURPOSE OF ANALYZING THE MARKET
Play/basin-county classification for shale plays and basins. 
Source:PacWestConsultingPartners.Copyright©PacWest2013
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APPENDIX B
Operator Exposure To Water Stress & Water Use Metrics By Play
Top ten plays/basins by water use featured. Only operators with one billion gallons or more of water use included.
  Red quadrant show signiIcant operational (100+ wells) exposure to water stress (majority of wells in medium or higher water stress).  *Market cap as of 01/02/14




2,797,262,299 2,353,803,047 325,899,464 1,641,081,372 1,526,940,630 182,939,072 10,153,836 1,174,966,119 53,943,010 1,842,029,079 11,909,017,928
4,881,784 4,924,274 1,780,871 4,296,025 5,106,825 3,976,936 2,030,767 3,865,020 2,157,720 2,855,859 4,050,686




2,729,087,967 277,725,543 1,213,510,181 2,775,601,480 617,131,091 417,384,497 7,791,118 59,940,981 312,223,162 8,410,396,020
3,972,472 3,192,248 7,444,848 5,121,036 7,714,139 2,244,003 1,947,780 1,498,525 1,406,411 4,182,196
687 87 163 542 80 186 4 40 222 2,011
XTO Energy Inc.
(owned by Exxon)
122,800,052 421,718,240 75,881,752 972,266,297 680,129,115 1,946,053,578 408,725,619 213,215,411 1,546,215,557 6,387,005,621
3,148,719 4,685,758 174,041 3,230,121 10,627,017 6,297,908 2,586,871 2,733,531 2,304,345 2,976,237




2,791,640,251 763,555,085 216,882,267 781,492,147 1,142,159,114 436,042,412 6,131,771,276
6,082,005 3,817,775 1,919,312 6,512,435 881,976 514,201 2,020,353




697,811,466 15,950,322 4,772,607,428 803,397 2,466,967 17,355,040 5,506,994,620
5,964,201 2,658,387 5,023,797 803,397 2,466,967 3,471,008 5,099,069




17,125,757 860,022,380 2,408,760,066 195,996,983 201,985,743 1,245,558,423 4,929,449,352
1,902,862 1,977,063 4,028,027 3,919,940 4,390,994 4,179,726 3,432,764




283,032,414 1,115,499,870 2,362,341,018 204,783,714 578,615,394 4,544,272,410
6,738,867 7,800,698 5,571,559 556,477 2,225,444 3,673,624




1,041,620,043 202,643,561 733,877,267 659,963,728 11,244,269 2,649,348,868
3,360,065 5,066,089 6,167,036 4,747,940 3,748,090 4,336,087
310 40 119 139 3 611
Pioneer Natural Resources Co.
PXD
$24,564
576,568,784 1,545,109,177 372,530,547 96,555,238 2,590,763,746
3,515,663 1,405,923 4,656,632 731,479 1,756,450




313,110 1,079,578,510 101,863 1,280,951 680,903,714 122,321,757 1,884,499,905
156,555 822,223 101,863 640,476 3,354,205 1,072,998 1,152,599
2 1,313 1 2 203 114 1,635
Royal Dutch Shell PLC 
RDS/A
$230,117
85,170,618 760,564,797 18,099,285 801,308,215 156,581,997 1,821,724,912
4,482,664 3,457,113 2,262,411 7,631,507 1,477,189 3,977,565




390,283,299 372,692 98,535,678 137,211,487 1,084,270,577 16,612,461 1,727,286,194
4,108,245 93,173 3,941,427 1,960,164 1,471,195 535,886 1,795,516




1,055,710,984 82,823,821 32,900,402 111,201,636 123,690,030 13,223,028 44,020,108 1,463,570,009
8,183,806 1,840,529 5,483,400 2,647,658 4,265,173 2,203,838 3,386,162 5,420,630




800,659,575 59,537,432 274,032,509 212,971,451 14,626,464 63,071,386 1,424,898,817
3,228,466 428,327 4,724,698 1,953,867 2,925,293 233,598 1,718,816




979,670,958 5,434,044 150,035,539 380,731 35,566,629 252,753,495 1,423,841,396
3,061,472 5,434,044 1,200,284 126,910 2,092,155 1,309,604 2,160,609










882,572,992 6,755,787 443,207,904 1,332,536,683
2,190,007 3,377,894 5,540,099 2,747,498
403 2 80 485
EP Energy Corp.
752,244,480 159,930,993 247,276,124 44,852,338 1,204,303,935
5,223,920 3,634,795 4,665,587 448,523 3,531,683




956,585,178 28,508,655 3,755,067 13,687,787 171,873,925 1,174,410,612
2,620,781 1,900,577 3,755,067 1,244,344 3,242,904 2,639,125







Cabot Oil & Gas Corp.
COG
$16,330
201,232,504 880,099,549 83,118 37,333,655 1,118,748,826
5,030,813 5,177,056 83,118 2,488,910 4,950,216




126,768,226 120,884,263 357,713,292 511,276,861 1,116,642,642
4,371,318 2,197,896 8,516,983 916,267 1,632,518
29 55 42 558 684
EXCO Resources Inc. 
XCO
$1,426
3,798,564 712,516,032 364,593,867 1,080,908,463
73,049 4,318,279 4,797,288 3,689,107
52 165 76 293
All Other Operators
4,476,916,292 4,387,077,389 4,547,808,887 779,414,214 885,196,920 669,021 3,719,513,722 744,402,197 1,043,293,122 953,877,593 3,635,522,304 25,173,691,661
4,554,340 4,617,976 871,395 2,220,553 3,000,668 133,804 2,220,605 1,625,332 3,376,353 728,151 919,454 1,623,167
983 950 5,219 351 295 5 1,675 458 309 1,310 3,954 15,509
Totals
19,221,089,418 13,735,423,415 10,420,407,621 9,609,009,644 8,356,222,597 7,562,232,827 6,172,739,390 4,404,229,203 3,604,411,656 2,487,343,287 11,949,860,632 97,522,969,690
4,458,615 4,371,554 1,119,511 4,037,399 5,537,590 5,218,932 2,180,410 2,595,303 3,790,128 810,474 1,381,966 2,481,879


















































Total Water Use (G)
Average Water/Well
# of Wells
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APPENDIX C
Service Provider Exposure To Water Stress & Water Use Metrics By Play
Top ten plays/basins by water use featured. Only service providers with one billion gallons or more water use included.
  Red quadrant show signiIcant operational (100+ wells) exposure to water stress (majority of wells in medium or higher water stress).  *Market cap as of 01/02/14
























































2,994,690,678 2,407,179,909 1,736,432,660 2,408,243,200 2,655,925,998 1,192,262,206 2,075,058,899 1,813,412,171 1,222,598,165 1,547,041,307 4,681,477,441 24,734,322,634 
4,130,608 4,524,774 1,228,029 4,649,118 5,533,179 6,242,211 1,972,489 1,530,306 4,596,234 1,157,099 1,871,842 2,424,696 
725 532 1,414 518 480 191 1,052 1,185 266 1,337 2,501 10,201 
UNKNOWN
4,447,785,459 3,516,053,489 1,416,498,478 571,092,200 909,404,149 174,698,664 1,102,824,610 785,298,109 617,228,980 13,386,931 1,813,686,763 15,367,957,832 
4,141,327 4,351,551 889,202 2,379,551 5,613,606 4,260,943 2,849,676 5,732,103 3,070,791 405,665 1,460,295 2,596,816 




2,088,281,013 968,917,533 724,831,280 755,702,472 1,218,169,540 2,261,380,877 884,315,412 479,535,508 517,925,756 2,054,220 1,878,971,719 11,780,085,330 
3,503,827 4,703,483 655,956 4,175,152 5,390,131 4,633,977 2,290,973 3,805,837 3,363,154 342,370 1,765,951 2,595,876 




903,619,642 1,004,590,065 2,000,952,486 1,368,203,421 425,331,411 468,584,053 1,019,049,851 450,756,243 559,423,826 1,131,314,460 9,331,825,458 
3,861,622 4,311,545 915,349 3,026,999 4,129,431 1,661,646 6,138,855 3,494,234 648,984 554,838 1,395,726 
234 233 2,186 452 103 282 166 129 862 2,039 6,686 
FTS International
(pending listing)
1,932,162,434 1,600,013,495 339,062,721 123,055,758 2,255,399,863 125,138,133 157,871,460 354,400,190 6,887,104,054 
6,192,828 4,371,622 1,430,644 4,922,230 6,672,781 2,720,394 4,385,318 2,513,477 4,588,344 




1,135,500,062 677,564,771 130,607,835 260,251,902 112,899,560 834,864,282 40,429,319 163,694,036 148,934,210 14,827,265 672,220,813 4,191,794,055 
4,615,854 3,528,983 1,573,588 4,819,480 3,763,319 6,324,729 1,617,173 4,092,351 3,039,474 423,636 3,653,374 3,917,565 
246 192 83 54 30 132 25 40 49 35 184 1,070 
Universal
Owned by Patterson-UTI - ticker: PTEN
$3,738
1,298,797,094 952,858,698 1,160,129,111 369,957,641 33,832,195 3,815,574,739 
5,903,623 5,383,382 3,536,979 4,932,769 2,819,350 4,698,984 




1,004,551,972 2,039,430,690 393,554,127 135,680,483 199,290,800 27,229,426 3,799,737,498 
4,829,577 5,269,847 1,929,187 3,392,012 447,844 1,815,295 2,925,125 
208 387 204 40 445 15 1,299 
Pumpco Services
186,271,665 187,105,215 2,741,691,982 16,600,584 3,131,669,446
4,901,886 8,909,772 4,623,427 5,533,528 4,781,175 
38 21 593 3 655 
Trican Well Service Ltd
TCW
USD 1,812
338,217,953 672,538,497 268,067,380 250,184,105 466,211,592 129,966,399 8,787,503 365,831,915 243,310,389 2,743,115,733 
4,227,724 3,821,241 783,823 4,633,039 5,123,204 3,512,605 585,834 5,716,124 3,003,832 2,918,208 
80 176 342 54 91 37 15 64 81 940 
C&J Energy Services Inc
CJES
$1,230
1,958,001,444 565,015,804 9,560,040 763,503 75,630,300 2,608,971,091 
4,470,323 1,883,386 4,780,020 763,503 1,080,433 3,216,980 
438 300 2 1 70 811 
Cudd
Owned by RPC Inc – ticker: RES 
$3,955
805,177,904 105,574,014 124,937,539 197,841,924 928,175,711 931,056 30,920,604 2,193,558,752 
6,339,983 3,299,188 420,665 6,381,998 5,459,857 310,352 2,061,374 3,249,717 




3,873,156 591,609,548 59,934,967 297,888,444 1,685,334 151,998 125,752,696 17,457,762 148,084,035 206,745,840 1,453,183,780 
3,873,156 3,542,572 3,154,472 3,971,846 187,259 75,999 2,566,382 5,819,254 434,264 364,631 1,178,576 
1 167 19 75 9 2 49 3 341 567 1,233 
Sanjel Corporation
610,652,916 85,668,211 691,980,106 2,629,998 56,028,985 1,446,960,216 
7,446,987 2,379,673 2,116,147 2,629,998 2,436,043 3,085,203 
82 36 327 1 23 469 
All Other Service Providers
704,329,663 47,699,759 1,621,163,934 462,738,519 103,793,186 1,302,000 256,314,532 7,559,045 104,112,606 604,905 727,490,923 4,037,109,072 
4,001,873 6,814,251 1,203,537 4,095,031 2,805,221 1,302,000 4,419,216 2,519,682 2,313,613 67,212 1,054,335 1,623,938 
176 7 1,347 113 37 1 58 3 45 9 690 2,486 
Totals
19,221,089,418 13,735,423,415 10,420,407,621 9,609,009,644 8,356,222,597 7,562,232,827 6,172,739,390 4,404,229,203 3,604,411,656 2,487,343,287 11,949,860,632 97,522,969,690 
4,458,615 4,371,554 1,119,511 4,037,399 5,537,590 5,218,932 2,180,410 2,595,303 3,790,128 810,474 1,381,966 2,481,879 
4,311 3,142 9,308 2,380 1,509 1,449 2,831 1,697 951 3,069 8,647 39,294 
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